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© Epoxy/polyester hot melt compositions. 

© Hot melt compositions comprise from 2 to 95 parts of an epoxy-containing material, correspondingly, from 
about 98 to 5 parts of a polyester component, an effective amount of a photoinitiator for radiation curing the hot 
melt composition, and an optional hydroxyl-containing material. The hot melt composition is a solid at room 
temperature but can be melted to a liquid upon heating. The invention also relate to a method of adhesively 
bonding two substrates together using the hot melt compositions. 
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In general, this invention relates to epoxy/polyester hot melt compositions and, more particularly, to 
such compositions which, upon exposure to radiation, cure to provide a high strength adhesive having good 
green strength build-up. 

Many adhesive and coating compositions are known, particular advantages and disadvantages being 

5 associated with each. For example, polyester based moisture curable hot melt compositions are a solid at 
room temperature but upon heating melt to a viscous liquid that can be readily applied to a substrate. The 
compositions react with ambient moisture to provide a cured, crosslinked thermoset adhesive. Because of 
their moisture sensitivity, special packaging is required and care must be taken during processing to avoid 
the accumulation of uncured residue that could react with moisture in the manufacturing equipment. 

w Furthermore, because of their moisture sensitivity, these materials cannot be readily provided in film form 
and work best when applied to moisture permeable (e.g. plastic and wood) substrates. 

Thermally cured hot melt compositions have a limited pot life because application in the melted state 
also initiates the curing reaction. These compositions typically require elaborate clamping mechanisms to 
secure the bonded parts during the elevated temperature curing cycle and are not particularly favored for 

15 use with heat sensitive substrates. 

However, hot melt compositions are desirable because they are easily used and some formulations do 
not require clamps. Moreover, the compositions are free from solvents. 

Many well known adhesive and coating compositions are based on epoxies. Some cure at room 
temperature but these are typically two part systems that require separate inventories of the individual 

20 components which can only be mixed shortly before use. Such compositions tend to have relatively short 
pot lives, are not generally provided in film form, and frequently require clamps to hold the bonded parts in 
place until the compositions cure. Epoxy adhesives are sought after, however, because of their excellent 
ultimate strength and heat resistance. 

Consequently, it would be desirable to have a single adhesive composition that is free from as many of 

25 the foregoing disabilities as possible. That is, there would be a considerable demand for an easily applied, 
one part adhesive that is not sensitive to moisture and which cures quickly to a high strength structural 
adhesive but which also has good green strength build-up so that clamps are not needed to secure the 
bonded components. Such compositions would be in even greater demand if they were free from solvents, 
especially if they could be tailored to provide specific physical properties for particular situations. 

30 Epoxy-based adhesive or coating compositions are disclosed in various references. Exemplary of these 
is US-A-4,622,349 which discloses photocopolymerizable compositions comprising an epoxy having two or 
more epoxy groups, a hydroxyl substituted cycloaliphatic monoepoxide, an active hydrogen organic 
compound (preferably an organic polyol), and a photoinitiator. The examples describe applying the 
compositions to steel panels with a wire-wound rod. 

35 US-A-4,81 2,488 is directed to photocopolymerizable compositions comprising an active hydrogen 
organic compound, a photoinitiator, and a substituted cycloaliphatic monoepoxide reactive diluent. The 
examples describe applying the compositions to steel panels with a wire-wound rod. Viscosity data are 
disclosed in Table I. Reportedly, the compositions provide excellent pressure sensitive and heat-activated 
adhesive coatings after having been applied to a suitable substrate and cured. 

40 US-A-4,920,182 discloses adhesives and coating agents that contain an epoxy resin having at least two 
epoxy groups, an initiator, and a flexible polyester. Reportedly, the viscosity of the polyester is, as a rule, 
less than 2000 mPas at 80 • C. 

International Patent Application No. US92/01974 discloses a pressure sensitive adhesive that comprises 
an epoxide resin, a polymeric film former (e.g., polyacrylates, polymethacrylates, phenoxy resins, polysul- 

45 fones, and polyether sulfones), a photoinitiator, and a polyol. 

US-A-4,256,828 discloses a photocopolymerizable composition that comprises a first organic material 
having epoxide functionality greater than about 1 .5, a second organic material having hydroxyl functionality 
of at least one, and a complex salt photoinitiator. 

EP-A-276 716 discloses a curable epoxy composition comprising an epoxy resin, a sufficient amount of 

so an ultraviolet catalyst to render the composition ultraviolet curable, and a sufficient amount of a fixing agent 
comprising poly(alkylene oxide) moieties to prevent immediate skinning upon ultraviolet exposure. 

In general, this invention relates to epoxy/polyester hot melt compositions, especially those which cure 
on exposure to radiation to provide high strength adhesives having good green strength build-up. In one 
aspect of the invention, the hot melt compositions comprise from about 2 to 95 parts of an epoxy-containing 

55 material and, correspondingly, from about 98 to 5 parts of a polyester component. The compositions also 
include an effective amount of a photoinitiator for radiation curing the hot melt composition and an optional 
hydroxyl-containing material having a hydroxyl functionality greater than l! The hot melt compositions are 
solid at room temperature but can be melted to a liquid upon heating. 
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Preferably, the polyester component has a Brookfield viscosity which exceeds 10,000 milliPascals at 
121 *C with a number average molecular weight of about 7500 to 200,000, more preferably from about 
10,000 to 50,000, and most preferably from about 15,000 to 30,000. 

The optional hydroxyl-containing material more preferably has a hydroxyl functionality of at least 2 and 
5 even more preferably a hydroxyl functionality of about 3. Particularly preferred materials are polyoxyal- 
kylene polyols such as polyoxyethylene glycols and polyoxypropylene glycols having a number average 
equivalent weight of about 31 to 2,250 and polyoxyethylene triols and polyoxypropylene triols having a 
number average equivalent weight of about 80 to 350. Also useful are polytetramethylene oxide glycols. 
The hydroxyl-containing material is useful in enhancing the flexibility of the hot melt compositions. In 
to another aspect, the hydroxyl-containing material can sufficiently retard the curing reaction after the hot melt 
composition has been exposed to radiation so as to permit two substrates to be bonded together after the 
hot melt composition has been applied to only one of the substrates and irradiated. 

In more preferred compositions according to the invention, the epoxy-containing material comprises 
from 2 to 80 parts thereof and the polyester component comprises, correspondingly, from 98 to 20 parts 
15 thereof. Even more preferred are hot melt compositions comprising from 2 to 60 parts of the epoxy- 
containing material and, correspondingly, from 98 to 40 parts of the polyester component. 

The hot melt compositions of the invention can be provided as free standing, unsupported adhesive 
films which are particularly useful in laminating operations. 

The compositions typically achieve a green strength build-up in 30 seconds or less, thereby permitting 
20 bonded components to be handled without the need for expensive, elaborate, cumbersome, clamping 
mechanisms. However, the compositions also cure to a high ultimate strength so that they may be used as 
structural adhesives. 

The invention also relates to a method of adhesively bonding first and second substrates using the hot 
melt compositions of the invention. The hot melt composition is applied to one of the substrates and then 

25 exposed to radiation before the second substrate is adhesively bonded thereto. The methods of the 
invention can be practiced in conjunction with substrates which are not transparent to the radiation. 

In general, this invention relates to a radiation curable hot-melt adhesive, coating and sealant composi- 
tion that combines rapid green strength build-up with excellent ultimate strength and heat resistance. The 
ultimate strength is sufficiently great that the compositions of the invention can be used as structural 

30 adhesives, although they have many other uses. As used herein, a "hot melt composition" refers to a 
composition that is a solid at room temperature (about 20 to 22'C) but which, upon heating, melts to a 
viscous liquid that can be readily applied to a substrate. Desirably, the compositions of the invention can be 
formulated as solvent free systems (i.e., they have less than 1% solvent in the solid state). 

The hot melt compositions of the invention comprise and, more preferably, consist essentially of, an 

35 epoxy-containing material that contributes to the ultimate strength and heat resistance of the composition, a 
polyester component that allows for rapid green strength build-up, and a photoinitiator that permits the 
composition to cure (i.e., covalently crosslink) upon exposure to radiation. Optionally, though quite 
desirably, the hot melt compositions of the invention may also include a hydroxyl-containing material to 
retard the rate of curing and/or impart flexibility to the hot melt compositions. 

40 Epoxy-containing-materials useful in the compositions of the invention are any organic compounds 
having at least one oxirane ring 



so polymerizable by a ring opening reaction. Such materials, broadly called epoxides, include both monomeric 
and polymeric epoxides and can be aliphatic, cycloaliphatic, or aromatic. These materials generally have, 
on the average, at least two epoxy groups per molecule (preferably more than two epoxy groups per 
molecule). The polymeric epoxides include linear polymers having terminal epoxy groups (e.g., a diglycidyl 
ether of a polyoxyalkylene glycol), polymers having skeletal oxirane units (e.g., polybutadiene polyepoxide), 

55 and polymers having pendent epoxy groups (e.g., a glycidyl methacrylate polymer or copolymer). The 
molecular weight of the epoxy-containing material may vary from 58 to about 100,000 or more. Mixtures of 
various epoxy-containing materials can also be used in the hot melt compositions of the invention. The 
"average" number of epoxy groups per molecule is defined as the number of epoxy groups in the epoxy- 
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containing material divided by the total number of epoxy molecules present. 

Useful epoxy-containing materials include those which contain cyclohexene oxide groups such as the 
epoxycyclohexanecarboxylates, typified by 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexanecarboxylate, 
3,4-epoxy-2-methylcyclohexylmethyl-3,4-epoxy-2-methycyc{ohexane carboxylate, and bis(3,4-epoxy-6- 
5 methylcyclohexylmethyl) adipate. For a more detailed list of useful epoxides of this nature, reference may 
be made to US-A-3,1 17,099. 

Further epoxy-containing materials which are particularly useful in the practice of this invention include 
glycidyl ether monomers of the formula 

RXOCHj-CH— -CH^ 
0 

15 

where R* is alkyl or aryl and n is an integer of 1 to 6. Examples are the glycidyl ethers of polyhydric 
phenols obtained by reacting a polyhydric phenol with an excess of chlorohydrin such as epichlorohydrin 
(e.g., the diglycidyl ether of 2,2-bis-(2,3-epoxypropoxyphenol) propane). Further examples of epoxides of 
this type which can be used in the practice of this invention are described in US-A-3,01 8,262. 

20 There is a host of commercially available epoxy-containing materials which can be used in this 
invention. In particular, epoxides which are readily available include octadecylene oxide, epichlorohydrin, 
styrene oxide, vinyl cyclohexene oxide, glycidol, glycidylmethacrylate, diglycidyl ether of Bisphenol A (e.g., 
those available under the trade designations EPON 828, EPON 1004, and EPON 1001F from Shell 
Chemical Co., and DER-332 and DER-334, from Dow Chemical Co.), diglycidyl ether of Bisphenol F (e.g., 

25 ARALDITE GY281 from Ciba-Geigy), vinylcyclohexene dioxide (e.g., ERL 4206 from Union Carbide Corp.), 
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexene carboxylate (e.g., ERL-4221 from Union Carbide Corp.), 
2-(3,4-epoxycylohexyl-5,5-spiro-3,4-epoxy) cyclohexanemetadioxane (e.g., ERL-4234 from Union Carbide 
Corp.), bis(3,4-epoxycyclohexyl) adipate (e.g., ERL-4299 from Union Carbide Corp.), dipentene dioxide (e.g., 
ERL-4269 from Union Carbide Corp.), epoxidized polybutadiene (e.g., OXIRON 2001 from FMC Corp.), 

30 silicone resin containing epoxy functionality, epoxy silanes (e.g., beta-(3,4-epoxycyclohexyl)ethyltrimethoxy 
silane and gamma-glycidoxypropyltrimethoxy silane, commercially available from Union Carbide), flame 
retardant epoxy resins (e.g., DER-542, a brominated bisphenol type epoxy resin available from Dow 
Chemical Co.), 1,4-butanediol diglycidyl ether (e.g., ARALDITE RD-2 from Ciba-Geigy), hydrogenated 
bisphenol A-epichlorohydrin based epoxy resins (e.g. EPONEX 1510 from Shell Chemical Co.), and 

35 polyglycidyl ether of phenolformaldehyde novolak (e.g., DEN-431 and DEN-438 from Dow Chemical Co.). 

Useful polyester components include both hydroxyl and carboxyl terminated materials, which may be 
amorphous or semicrystalline. Hydroxyl terminated materials are preferred. By "amorphous" is meant a 
material that displays a glass transition temperature but does not display a measurable crystalline melting 
point by differential scanning calorimetry (DSC). Preferably the glass transition temperature is less than the 

AO decomposition temperature of the photoinitiator (discussed below), but without being more than about 
120*C. By "semicrystalline" is meant a polyester component that displays a crystalline melting point by 
DSC, preferably with a maximum melting point of about 150' C. 

In general, if it is desired for the hot melt composition to cure under ambient conditions, the polyester 
component should a have glass transition temperature less than the ambient temperature, preferably less 

45 than about 20 # C. As the glass transition temperature of the polyester component increases, it may be 
necessary to both thermally and radiation cure the composition. 

The viscosity of the polyester component is important in providing a hot melt composition (as opposed 
to a composition which is a liquid having a measurable viscosity at room temperature). Accordingly, 
polyester components useful in the invention preferably have a Brookfield viscosity which exceeds 10,000 

so mPa at 121 *C. Viscosity is related to the molecular weight of the polyester component. Preferred polyester 
components also have a number average molecular weight of about 7500 to 200,000, more preferably from 
about 10,000 to 50,000 and most preferably from about 15,000 to 30,000. 

Polyester components useful in the invention comprise the reaction product of dicarboxylic acids (or 
their diester equivalents) and diols. The diacids (or their diester equivalents) can be saturated aliphatic acids 

55 containing from 4 to 12 carbon atoms (including unbranched, branched, or cyclic materials having 5 to 6 
atoms in a ring) and/or aromatic acids containing from 8 to 15 carbon atoms. Examples of suitable aliphatic 
acids are succinic, glutaric, adipic, pimelic, suberic, azelaic, sebacic, 1,12 dodecanedioic, 1 ,4-cyclohex- 
anedicarboxylic, 1 ,3-cyclopentanedicarboxyiic, 2-methylsuccinic, 2-methylpentanedioic, 3-methylhex- 
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anedioic acids and the like. Suitable aromatic acids include terephthalic acid, isophthalic acid, phthalic acid, 
4,4'-benzophenone dicarboxylic acid, 4,4*-diphenylmethanedicarboxylic acid, 4,4'-diphenylether dicarboxylic 
acid, 4,4 , -diphenylthioether dicarboxylic acid and 4,4 , -diphenylamine dicarboxylic acid. Preferably the 
structure between the two carboxyl groups in these diacids contains only carbon and hydrogen; more 

5 preferably it is a phenylene group. Blends of any of the foregoing diacids may be used. 

The diols include branched, unbranched, and cyclic aliphatic diols having from 2 to 12 carbon atoms, 
such as, for example, ethylene glycol, 1 ,3-propylene glycol, 1 ,2-propylene glycol, 1,4-butanediol, 1,3- 
butanediol, 1,5-pentanediol, 2-methyl-2,4-pentanediol, 1,6-hexanediol, 1 ,8-octanediol, cyclobutane-1,3-di- 
(2'ethanol), cyclohexane-1 ,4-dimethanol, 1,10-decanediol, 1,12-dodecanediol, and neopentyl glycol. Long 

10 chain diols including poly(oxyalkylene) glycols in which the alkylene group contains from 2 to 9 carbon 
atoms (preferably 2 to 4 carbon atoms) may also be used. Blends of any of the foregoing diols may be 
used. 

Useful, commercially available hydroxyl terminated polyester materials include various saturated, linear, 
semicrystalline copolyesters available from HUls America, Inc. such as DYNAPOL S1402, DYNAPOL S1358, 
*5 DYNAPOL S1227, DYNAPOL S1229 and DYNAPOL S1401. Useful saturated, linear amorphous 
copolyesters available from Huls America, Inc. include DYNAPOL S1313 and DYNAPOL S1430. 

The photoinitiators which are useful in the compositions of the invention are of three types, viz. aromatic 
iodonium complex salts, aromatic sulfonium complex salts and metallocene salts. Useful aromatic iodonium 
complex salts have the formula: 

20 



25 




e Xe 



30 where Ar 1 and Ar 2 are aromatic groups having 4 to 20 carbon atoms and are selected from the group 
consisting of phenyl, thienyl, furanyl and pyrazolyl groups. Z is selected from the group consisting of 
oxygen; sulfur; 
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Lo; i=o ; 0=1=0; R — N 



40 where R is aryl (of 6 to 20 carbons, such as phenyl) or acyl (of 2 to 20 carbons, such as acetyl, benzoyl, 
etc.); a carbon-to-carbon bond; or 
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where Ri and R2 are selected from hydrogen, alkyl radicals of 1 to 4 carbons, and alkenyl radicals of 2 to 4 
50 carbons. The value of m is zero or 1 and X is a halogen-containing complex anion selected from 
tetrafluoroborate, hexafluorophosphate, pentafluorohydroxyantimonate, hexafluoroarsenate, and hex- 
afluoroantimonate. 

The Ar 1 and Ar 2 aromatic groups may optionally have one or more fused benzo rings (e.g., naphthyl, 
benzothienyl, dibenzothienyl, benzofuranyl, dibenzofuranyl, etc.). The aromatic groups may also be substi- 
55 tuted, if desired, by one or more non-basic groups if they are essentially non-reactive with epoxide and 
hydroxyl functionalities. 

Useful aromatic iodonium complex salts are described more fully in US-A-4,256,828. The preferred 
aromatic iodonium complex salts are diaryliodonium hexafluorophosphate and diaryliodonium hexafluoroan- 
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timonate. 
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The aromatic iodonium complex salts useful in the compositions of the invention are photosensitive only 
in the ultraviolet region of the spectrum. They, however, can be sensitized to the near ultraviolet and the 
visible range of the spectrum by sensitizers for known photoiyzable organic halogen compounds. Illustrative 
sensitizers include aromatic amines and colored aromatic polycyclic hydrocarbons. 

Aromatic sulfonium complex salt photoinitiators suitable for use in the compositions of the invention can 
be defined by the formula 



wherein Ra, FU and R5 can be the same or different, provided that at least one of the groups is aromatic. 
These groups can be selected from aromatic moieties having 4 to 20 carbon atoms (e.g., substituted and 
unsubstituted phenyl, thienyl, and furanyl) and alkyl radicals having 1 to 20 carbon atoms. The term "alky!" 
includes substituted alkyl radicals (for example, substituents such as halogen, hydroxy, alkoxy, aryl). 
Preferably, R3, R4 and R5 are each aromatic. Z, m and X are all as defined above with regard to the 
iodonium complex salts. 

If R 3 , R* or R 5 is an aromatic group, it may optionally have one or more fused benzo rings (e.g, 
naphthyl, benzothienyl, dibenzothienyl, benzofuranyl, dibenzofuranyl, etc.) Such aromatic groups may also 
be substituted, if desired, by one or more non-basic groups that are essentially non-reactive with epoxide 
and hydroxy I functionality. 

The triaryl-substituted salts such as triphenylsulfonium hexafluoroantimonate are preferred. Useful 
sulfonium complex salts are described more fully in US-A-4,256,828. 

The aromatic sulfonium complex salts useful in the invention are inherently photosensitive only in the 
ultraviolet region of the spectrum. They, however, are sensitized to the near ultraviolet and the visible range 
of the spectrum by a select group of sensitizers such as described in US-A-4,256,828. 

Useful metallocene salts can have the formula: 



wherein 

M p represents a metal selected from Cr, Mo, W, Mn, Re, Fe, and Co; 

L 1 represents 1 or 2 ligands contributing ^-electrons that can be the same or different ligand 
selected from substituted and unsubstituted 7j 3 -allyl, 7j 5 -cyclopentadienyl, and ^-cycloheptatrienyl 
and t> 5 -aromatic compounds selected from ^-benzene and substituted -benzene compounds 
and compounds having 2 to 4 fused rings each capable of contributing 3 to 8 Tr-electrons to the 
valence shell of M p ; 

L 2 represents none or 1 to 3 ligands contributing an even number of sigma-electrons that can be the 
same or different ligand selected from carbon monoxide or nitrosonium; 
with the proviso that the total electronic charge contributed to M p by L 1 and L 2 plus the ionic charge on the 
metal M p results in a net residual positive charge of q to the complex, and 

q is an integer having a value of 1 or 2, the residual electrical charge of the complex cation; 

Y is a halogen-containing complex anion selected from AsF 6 -, SbF 6 - and SbF 5 OH-; and 

r is an integer having a value of 1 or 2, the numbers of complex anions required to neutralize the 

charge q on the complex cation. 
Useful metallocene salts are described more fully in US-A-5,089,536. The metallocene salts may be 
used in conjunction with a reaction accelerator such as an oxalate ester of a tertiary alcohol. 
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Useful commercially available photoinitiators include FX-512, an aromatic sulfonium complex salt (3M 
Company), an aromatic sulfonium complex salt (Union Carbide Corp.), UVI-6974, an aromatic sulfonium 
complex salt (Union Carbide Corp), and IRGACURE 261, a metallocene complex salt (Ciba-Geigy). 

Optionally, the hot melt compositions of the invention may further comprise a hydroxyl-containing 

5 material. The hydroxyl-containing material may be any liquid or solid organic material having hydroxyl 
functionality of at least 1, preferably at least 2, and most preferably about 3. The hydroxyl-containing 
organic material should be free of other "active hydrogen" containing groups such as amino and mercapto 
moieties. The hydroxyl-containing organic material should also be substantially free of groups which may be 
thermally or photolytically unstable so that the material will not decompose or liberate volatile components 

70 at temperatures below about 100 *C or when exposed to actinic or electron beam radiation during curing. 
Preferably the organic material contains two or more primary or secondary aliphatic hydroxyl groups (i.e., 
the hydroxyl group is bonded directly to a non-aromatic carbon atom). The hydroxyl group may be 
terminally situated, or may be pendent from a polymer or copolymer. The number average equivalent 
weight of the hydroxyl-containing material is preferably about 31 to 2250, more preferably about 80 to 1000, 

75 and most preferably about 80 to 350. 

Representative examples of suitable organic materials having a hydroxyl functionality of 1 include 
alkanols, monoalkyl ethers of polyoxyalkylene glycols, and monoalkyl ethers of alkylene glycols. 

Representative examples of useful monomeric polyhydroxy organic materials include alkylene glycols 
(e.g., 1,2-ethanediol, 1 ,3-propanediol, 1,4-butanediol, 2-ethyl-1 ,6-hexanediol, bis(hydroxymethyl)- 

20 cyclohexane, 1,18-dihydroxyoctadecane, and 3-chloro-1,2-propanediol), polyhydroxyalkanes (e.g., glycerine, 
trimethylolethane, pentaerythritol, and sorbitol) and other polyhydroxy compounds such as N,N-bis- 
(hydroxyethyl)benzamide, 2-butene-1,4-diol, castor oil, etc. 

Representative examples of useful polymeric hydroxyl-containing materials include polyoxyalkylene 
polyols (e.g., polyoxyethylene and polyoxypropylene glycols and triols of equivalent weight of 31 to 2250 

25 for the diols or 80 to 350 for triols), polytetramethylene oxide glycols of varying molecular weight, hydroxyl- 
terminated polyesters, and hydroxyl-terminated polylactones. 

Useful commercially available hydroxyl-containing materials include the POLYMEG series (available 
from QO Chemicals, Inc.) of polytetramethylene oxide glycols such as POLYMEG 650, 1000 and 2000; the 
TERATHANE series (from E.I. duPont de Nemours and Company) of polytetramethylene oxide glycols such 

30 as TERATHANE 650, 1000 and 2000; POLYTHF, a polytetramethylene oxide glycol from BASF Corp.; the 
BUTVAR series (available from Monsanto Chemical Company) of polyvinylacetal resins such as BUTVAR 
B-72A, B-73, B-76, B-90 and B-98; the TONE series (available from Union Carbide) of polycaprolactone 
polyols such as TONE 0200, 0210, 0230, 0240, and 0260; the DESMOPHEN series (available from Miles 
Inc.) of saturated polyester polyols such as DESMOPHEN 2000, 2500, 2501, 2001 KS, 2502, 2505, 1700, 

35 1800, and 2504; the RUCOFLEX series (available from Ruco Corp.) of saturated polyester polyols such as 
S-107, S-109, S-1011 and S-1014; VORANOL 234-630 (a trimethylol propane) from Dow Chemical 
Company; VORANOL 230-238 (a glycerol polypropylene oxide adduct) from Dow Chemical Company; the 
SYNFAC series (from Milliken Chemical) of polyoxyalkylated bisphenol A's such as SYNFAC 8009, 773240, 
8024, 8027, 8026, and 8031; and the ARCOL series (from Arco Chemical Co.) of polyoxypropylene polyols 

40 such as ARCOL 425, 1025, 2025, 42, 112, 168, and 240. 

The amount of hydroxyl-containing organic material used in the compositions of the invention may vary 
over a broad range, depending on factors such as the compatibility of the hydroxyl-containing material with 
both the epoxy-containing material and the polyester component, the equivalent weight and functionality of 
the hydroxyl-containing material, and the physical properties desired in the final cured composition. 

45 The optional hydroxyl-containing material is particularly useful in tailoring the flexibility of the hot melt 
compositions of the invention. As the equivalent weight of the hydroxyl-containing material increases, the 
flexibility of the hot melt composition correspondingly increases although there may be a consequent loss 
in cohesive strength. Similarly, decreasing equivalent weight may result in a loss of flexibility with a 
consequent increase in cohesive strength. Thus, the equivalent weight of the hydroxyl-containing material is 

so selected so as to balance these two properties, the appropriate balance depending on the particular 
application. 

Flexible hot melt compositions are useful in forming flexible adhesive films for manufacturing flexible 
laminates, flexible circuits, flexible hinges, and the like. On the other hand, a less flexible composition may 
be appropriate in bonding rigid substrates such as for laminating metal and ceramic materials. If the 
55 hydroxyl-containing material is used to tailor the flexibility of the hot melt composition, polyoxyethylene 
glycols and triols having an equivalent weight of about 31 to 2250 for the glycols and 80 to 350 for the triols 
are particularly preferred. Even more preferred are polyoxypropylene glycols and triols having an equivalent 
weight of about 31 to 2250 for the glycols and an equivalent weight of about 80 to 350 for the triols. 
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As explained more fully hereinbelow, the incorporation of polyether polyols into the hot melt composi- 
tions of the invention is especially desirable for adjusting the rate at which the compositions cure upon 
exposure to radiation. Increasing amounts of a polyether polyol can retard the curing reaction for a time 
sufficient to allow the bonding of substrates that are not radiation transparent. The effect is more 

5 pronounced when the polyester component has a glass transition temperature below about 20 • C. 

Useful polyether polyols (i.e., polyoxyalkylene polyols) for adjusting the rate of cure include polyox- 
yethylene and polyoxypropylene glycols and triols having an equivalent weight of about 31 to 2250 for the 
diols and about 80 to 350 for the triols, as well as polytetramethylene oxide glycols of varying molecular 
weight and polyoxyalkylated bisphenol A's. 

70 The hot melt compositions of the invention comprise from 2 to 95 parts per 100 parts total of the 
epoxy-containing material and, correspondingly, from 98 to 5 parts of the polyester component. More 
preferably, the hot melt compositions of the invention comprise from 2 to 80 parts of the epoxy-containing 
material and, correspondingly, from 98 to 20 parts of the polyester component. Most preferably, the hot 
melt compositions of the invention comprise from 2 to 60 parts of the epoxy-containing material, and, 

T5 correspondingly, from 98 to 40 parts of the polyester component. Increasing amounts of the epoxy- 
containing material relative to the polyester component generally result in hot melt compositions having 
higher ultimate strength and heat resistance but less flexibility, less green strength build-up, and lower 
viscosity. Increasing amounts of the polyester component generally result in hot melt compositions having 
lower ultimate strength, heat resistance and higher viscosity but greater flexibility and green strength build- 

20 up. Thus, the relative amounts of these two ingredients are balanced depending on the properties sought in 
the final composition. 

The photoinitiator is included in an amount ranging from about 0.1 to 4% based on the combined 
weight of the epoxy-containing material and the polyester component. Increasing amounts of the photoinitia- 
tor result in an accelerated curing rate but require that the hot melt composition be applied in a thinner 

25 layer so as to avoid curing only at the surface. Increased amounts of photoinitiator can also result in 
reduced energy exposure requirements. The amount of the photoinitiator is determined by the rate at which 
the composition should cure, the intensity of the radiation source, and the thickness of the composition. 

The relative amount of the optional hydroxy l-containing organic material is determined with reference to 
the ratio of the number of hydroxy! groups to the number of epoxy groups in the hot melt composition. That 

30 ratio may range from 0:1 to 1:1, more preferably from about 0.4:1 to 0.8:1. Larger amounts of the hydroxyl- 
containing material increase the flexibility of the hot melt composition but with a consequent loss of 
cohesive strength. If the hydroxyl containing material is a polyether polyol, increasing amounts will further 
slow the curing process. 

Additionally, and optionally, up to 50% of the total weight of the composition (based on the epoxy- 

35 containing material, the polyester component, the photoinitiator and the optional hydroxyl-containing 
material), may be provided by various fillers, adjuvants, additives and the like such as silica, glass, clay, 
talc, pigments, colorants, glass beads or bubbles, glass or ceramic fibers, antioxidants, and the like so as to 
reduce the weight or cost of the composition, adjust viscosity, and provide additional reinforcement. Fillers 
and the like which are capable of absorbing the radiation used during the curing process should be used in 

40 an amount that does not adversely affect the curing process. 

The hot melt compositions of the invention are prepared by mixing the various ingredients in a suitable 
vessel, preferably one that is not transparent to actinic radiation, at an elevated temperature sufficient to 
liquefy the components so that they can be efficiently mixed with stirring until the components are 
thoroughly melt blended but without thermally degrading the materials. The components may be added 

45 simultaneously or sequentially, although it is preferred to first blend the epoxy-containing material and the 
polyester component followed by the addition of the hydroxyl-containing material and then the photoinitiator. 

The hot melt compositions should be compatible in the melt phase. That is, there should be no visible 
gross phase separation among the components. Compositions may be used directly after melt blending or 
may be packaged as a solvent free system in pails, drums, cartridges or other suitable containers, 

so preferably in the absence of light, until ready for use. The compositions so packaged may be delivered to a 
hot-melt applicator system with the use of pail unloaders, cartridge dispensers, and the like. Alternatively, 
the hot melt compositions of the invention may be delivered to conventional bulk hot melt applicator and 
dispenser systems in the form of sticks, pellets, slugs, blocks, pillows or billets. 

It is also possible to provide the hot melt compositions of the invention as uncured, unsupported rolls of 

55 adhesive film. Such films are useful in laminating operations. If the adhesive film is tacky, it is desirable to 
roll the film up with a release liner (for example, silicone-coated Kraft paper), with subsequent packaging in 
a bag or other container that is not transparent to actinic radiation. 
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The hot melt compositions of the invention may be applied to a wide variety of substrates by extruding, 
spraying, gravure printing, or coating, (e.g., by using a coating die, a heated knife blade coater, a roll coater 
or a reverse roll coater). Alternatively, the hot melt composition may be applied as an uncured adhesive film 
which, if necessary, can be die cut to a predefined shape. Once applied, the hot melt composition may be 

5 tacky or tack-free, a blend of liquid and solid epoxy-containing materials being useful in achieving the 
former state. Substrates which can be coated or bonded include plastics, metals, ceramics, glass and 
cellulosic materials although primed, bare or painted metal substrates such as aluminum, cold rolled steel 
and porcelainized steel are particularly preferred. 

Typically, the hot melt composition is applied to a single substrate by any of the methods described 

w above, and once so applied is exposed to a radiation source to initiate the curing of the epoxy-containing 
material. The epoxy-containing material is believed to cure or crosslink with itself, the optional hydroxyl- 
containing material, and, perhaps, to some degree with the polyester component. 

Curing of the hot melt composition begins upon exposure of the composition to any source emitting 
actinic radiation (i.e., radiation having a wavelength in the ultraviolet or visible spectral regions) and 

75 continues for a period of time thereafter. Suitable sources of radiation include mercury, xenon, carbon arc, 
tungsten filament lamps, sunlight, etc. Ultraviolet radiation, especially from a medium pressure mercury arc 
lamp, is most preferred. Exposure times may be from less than about 1 second to 10 minutes or more (to 
provide a total energy exposure of about 0.2 Joules/square centimeter (J/cm 2 )) depending upon both the 
amount and the type of reactants involved, the radiation source, the distance from the radiation source, and 

20 the thickness of the composition to be cured. 

The compositions may also be cured by exposure to electron beam radiation. The dosage necessary is 
generally from less than 1 megarad to 100 megarads or more. The rate of curing tends to increase with 
increasing amounts of photoinitiator at a given light exposure or irradiation. The rate of curing also increases 
with increased radiation intensity or electron dosage. 

25 Those hot melt compositions which include a polyether polyol that retards the curing rate are 
particularly desirable when bonding together two substrates that are not transparent to the radiation. After 
applying the hot melt composition to the first substrate and irradiating the composition, the second 
substrate may be bonded to the first substrate for a certain period of time (e.g., from about 2 minutes to 
about 4 hours) until the composition has sufficiently cured that a useful bond can no longer be made. Thus 

30 it will be recognized that the presence of the polyether polyol provides the hot melt compositions with an 
open time. That is, for a period of time (the open time) after the composition has been irradiated, it remains 
sufficiently uncured for a second substrate to be bonded thereto. (A similar effect may also be achieved 
through the use of a high glass transition temperature polyester component, e.g., a glass transition 
temperature above 20 ° C). 

35 The second substrate is typically bonded using heat, pressure or both heat and pressure, (for example, 
with a heated press, heated nip rollers, or a heated laminator). Depending on the particular hot melt 
composition, the conditions for applying the second substrate may range from a few seconds at 177* C to 
about 15 seconds at room temperature. Typical exposures are for about 10 seconds at 138' C. Laminator 
pressures of about 274 kiloPascals (kPa) are useful. In another approach, a free standing film may be 

40 irradiated on one or both sides and then placed between two substrates followed by the use of heat, 
pressure or both heat and pressure to bond the film to the two substrates. 

However, the polyether polyol is an optional component of the hot melt compositions of the invention. 
Those compositions which do not include a polyether polyol (or a high glass transition temperature 
polyester component) may be applied to a single substrate and irradiated to provide a hot melt coating on 

45 the substrate. Alternatively, two substrates may be bonded together if one of the substrates is transparent to 
the radiation, thereby permitting the hot melt composition to be irradiated through the transparent substrate. 

Once the hot melt composition is exposed to radiation, the curing process is initiated. Subsequent to 
radiation exposure the hot melt compositions can be tack-free, or can be tacky for a limited period of time 
but eventually achieving a tack-free condition. Full cure may be achieved under ambient conditions in about 

so 24 hours or as little as about 8 to 16 hours, depending upon the intensity of the radiation source, the 
radiation exposure time, the concentration of the photoinitiator, and the particular ingredients which 
comprise the hot melt composition. When curing under only ambient conditions is desired, the glass 
transition temperature of the polyester component should be less than the ambient temperature, preferably 
less than about 20 • C. 

55 The time to reach full cure may be accelerated by post curing the compositions with heat, such as in an 
oven. The time and temperature of the post cure will vary depending upon the glass transition temperature 
of the polyester component, the concentration of the photoinitiator, the radiation exposure conditions, and 
the like. Typical post cure conditions range from 5 to 15 minutes at about 50° C to about 1 to 2 minutes at 
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temperatures up to about 100*C. An accelerated cure can also be achieved by applying heat and pressure 
to bond two substrates together such as when using a heated press, a heated laminator or heated nip 
rollers. For those hot melt compositions based on a polyester component having a glass transition 
temperature above about 20 *C, the use of heat in addition to radiation to cure the composition is 
5 recommended. 

General Preparation and Test Procedures 

The following general procedure was used in preparing the hot melt compositions described more fully 

w below in the various examples. In each case, the components of the hot melt composition were blended at 
110*C for approximately one hour in a suitable vessel. Once so mixed, the hot melt composition was 
coated at a thickness of about 254 microns onto a silicone-treated Kraft paper release liner using a knife bar 
coater heated to 127'C so as to provide an uncured, unsupported adhesive film. The various compositions 
were then tested to evaluate properties such as overlap shear strength, green strength build-up, and heat 

15 resistance. In each example, the hot melt composition bonded together two 0.16 cm thick 2024T3 alclad 
aluminum substrates that had been FPL-etched with a mixture of chromic acid and sulfuric acid. 

Bonded samples for testing were prepared by placing the exposed face of the adhesive film against 
one of the aluminum substrates. The film was bonded to the substrate with heat and pressure (71 * C and 
345 kPa for 5 seconds). The release liner was then removed and the newly exposed face of the adhesive 

20 film was subjected to the radiation output of a 79 watts/cm medium pressure mercury arc lamp (12HD from 
UV Process Supply, Inc., Chicago, Illinois) situated 15 cm from a web moving at a speed of 31.8 cm/minute 
so as to provide a total energy exposure of 0.20 J/cm 2 to activate the hot melt composition. After about five 
minutes, the second substrate was bonded to the adhesive using a heated press (276 kPa at 126' C for 30 
seconds to ensure cohesive failure for the overlap shear strength test; 276 kPa at 93 • C for 30 seconds for 

25 the green strength build-up and heat resistance tests). The size of the bonded area is described more fully 
below with respect to the specific test. 

Samples used in the overlap shear strength and heat resistance tests were post cured for 48 hours 
under ambient conditions (22-26 *C) before testing. For the green strength build-up test, the bonded 
substrates were evaluated within 30 seconds after having been removed from the heated press. 

30 

1. Overlap Shear Strength . 

The two aluminum substrates were bonded with a 2.54 cm x 1.27 cm overlap area and then tested at 
room temperature in a SINTECH tensile testing machine using a crosshead speed of 2.5 mm per minute. 
35 The reported data are an average of 3 measurements. Preferably, the hot melt compositions display an 
overlap shear strength of at least 4000 kPa. 

2. Green Strength Build-Up . 

40 Bonded samples were prepared using a 2.54 cm x 2.54 cm overlap area. A free end of one substrate 
was held in a clamp while a 0.45 kilogram (kg) mass was suspended from the free end of the second 
substrate, this test arrangement being prepared within 30 seconds of having removed the bonded 
substrates from the heated press. Over a period of 24 hours the distance that the second substrate moved 
was measured. The bond failed if the second substrate moved at least 2.54 cm. Preferably, the movement 

45 was less than 0.76 cm, more preferably 0 cm. Reported data are an average of 3 measurements. 

Compositions which resulted in substrate movement of 0.76 cm or less were regarded as having 
excellent green strength build-up because they had reached a handling strength within 30 seconds of the 
bond having been made, thereby eliminating the need for cumbersome clamping mechanisms to otherwise 
secure the bonded components until the adhesive had cured sufficiently to permit the parts to be handled. 

so Green strength build-up in 20 seconds or less is possible. 

3. Heat Resistance . 

A bonded sample having a 2.54 cm x 2.54 cm overlap was prepared and placed in a 93* C oven. The 
55 free end of one of the substrates was held in a clamp while a 0.91 kg mass was suspended from the free 
end of the second substrate. After every 30 minute interval, the temperature was increased 11 'C in a step 
function until the oven temperature reached 216 *C or the bond failed. The reported data are an average of 
3 measurements and represents the temperature at which the bond failed (if it failed). Preferably, the heat 
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resistance is greater than 149*C. 

The invention will be more fully appreciated with reference to the following nonlimiting examples in 
which parts refer to parts by weight. 

5 Examples 1 to 10 

Examples 1 to 10 were prepared according to the general procedure described above. The epoxy- 
containing material was EPON 1001 F, a diglycidylether of bisphenol A commercially available from Shell 
Chemical Company. The polyester component was DYNAPOL S1358, a saturated linear copolyester 

w commercially available from Huls America, Inc. The hydroxyl-containing material was VORANOL 230-238, a 
glycerol polypropylene oxide adduct commercially available from Dow Chemical Company, The ingredients 
were blended in the amounts (parts) shown in Table 1 below. Each example further included 1 part of a 
triphenyl sulfonium hexafluoroantimonate photoinitiator prepared as described in U.S. Pat. No. 4,321,951 
(column 5, line 48 to column 7, line 48). The hydroxyl group to epoxy group ratio of each example was 

is 0.77:1 (except for example 10 where it was 0). The examples were tested for overlap shear strength, green 
strength build-up, and heat resistance, with the results shown below in Table 1. 

TABLE 1 





Example 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Epoxy-Containin g Material 


74.0 


67.2 


59.7 


52.2 


44.0 


34.0 


24.0 


14.0 


4.0 


0.0 


Polyester Compone nt 


0.0 


10.0 


20.0 


30.0 


40.0 


53.5 


66.8 


80.2 


93.6 


99.0 


Hydroxyl-Containin g Material 


25.0 


22.8 


20.3 


17.8 


15.0 


11.5 


8.2 


4.8 


1.4 


0.0 


Overlap Shear Strength (kPa) 


11,515 


7012 


9998 


7033 


6661 


6881 


670 9 


715 7 


6019 


261 3 


Green Strength (cm) 


1.35 


0.74 


0.58 


0.28 


0 


0 


0 


0 


0 


0 


Heat Resistance ( • C) 


>215 


>215 


>21 5 


>21 5 


>21 5 


>21 5 


154 


104 


<93 


<9 3 



The data of Table 1 show the beneficial effect on green strength build-up which results from increasing 
proportions of the polyester component, up to about 45 to 50 parts. Increasing amounts of the epoxy- 
containing material give generally steady improvements in overlap shear strength and heat resistance. 

Examples 11 to 19 

Examples 11 to 19 were prepared according to the procedure of examples 1 to 10 except that the 
DYNAPOL S1358 was replaced by DYNAPOL S1402, a saturated linear copolyester from HGIs America, 
Table 2 below showing the relative amounts of each material along with the results from the green strength 
build-up and heat resistance tests. The hydroxyl group to epoxy group ratio was 0 in example 19 but was 
0.77:1 for examples 11 to 18. 

TABLE 2 





Example 


11 


12 


13 


14 


15 


16 


17 


18 


19 


Epoxy-Containin g Material 


67.2 


59.7 


52.2 


44.0 


34.0 


24.0 


14.0 


4.0 


0.0 


Polyester Compone nt 


10.0 


20.0 


30.0 


40.0 


53.5 


66.8 


80.2 


93.6 


99.0 


Hydroxyl-Containin g Material 


22.8 


20.3 


17.8 


15.0 


11.5 


8.2 


4.8 


1.4 


0.0 


Green Strength (cm) 


1.12 


0.56 


0.56 


0.05 


0 


0 


0 


0 


0 


Heat Resistance (*C) 


>215 


>21 5 


>21 5 


>21 5 


>21 5 


177 


<9 3 


<93 


<9 3 
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The data of Table 2 show that increasing amounts of the polyester component improve green strength 
build-up while increasing amounts of the epoxy-containing material improve heat resistance. 

Examples 20 and 21 

Examples 20 and 21 were prepared according to the procedure of examples 1 to 10 with the relative 
amounts of each of the ingredients being as shown in Table 3 below. Also reported in Table 3 are examples 
6 and 10 along with the results of the green strength build-up and heat resistance tests. 



70 



TABLE 3 



15 



20 





Example 


10 


20 


6 


21 


Epoxy-Containing Material 


0.0 


38.5 


34.0 


32.3 


Polyester Component 


99.0 


53.5 


53.5 


53.5 


Hydroxyl-Containing Material 


0.0 


7.0 


11.5 


14.1 


Hydroxyl Group to Epoxy Group Ratio 


0:1 


0.4:1 


0.77:1 


0.98:1 


Green Strength (cm) 


0.0 


0.0 


0.0 


0.0 


Heat Resistance ( • C) 


<93 


>215 


>215 


154 



25 



30 



35 



40 



45 



50 



55 



The data of Table 3 show that the green strength build-up is relatively unaffected by varying the epoxy 
group to hydroxyl group ratio. The green strength build-up is primarily attributable to the presence of the 
polyester component. The heat resistance is provided principally by the epoxy-containing material. 

The compositions of the invention provide a unique balance of highly desirable properties. As solvent 
free compositions, they are easily applied using conventional hot melt dispensing systems. Unlike moisture 
curing hot melt adhesives and coatings, the hot melt compositions of the invention are not moisture 
sensitive. Consequently, they can be supplied as adhesive films well suited for laminating operations. The 
painstaking exclusion of moisture during manufacturing and packaging, which is a facet of using moisture 
curing hot melt compositions, is not of concern when using the compositions of the invention. 

The hot melt compositions of the invention display excellent green strength build-up. Within 30 seconds 
or less of a bond having been made, the bonded components can be handled, thereby eliminating the need 
for elaborate, expensive, cumbersome clamping mechanisms often required with thermally cured hot melts 
and epoxy based adhesives. However, the compositions of the invention also quickly cure to full strength to 
provide structural adhesives. Full cure can be achieved in 24 hours or less under ambient conditions or 
even more quickly if thermally postcured. 

The inclusion of a polyether polyol of appropriate molecular weight and functionality provides the 
compositions of the invention with an open time. (A similar affect can be achieved by using a high glass 
transition temperature polyester.) That is, after the composition is exposed to radiation to initiate the curing 
process, a second substrate may be bonded thereto for a certain period of time (until the composition cures 
to a degree that does not permit a bond to be made). In the absence of an open time, the compositions are 
best used to hot melt coat a single substrate or to bond two substrates together if one is transparent to the 
radiation source. 

The one part systems of the invention are readily handled and require no storage or mixing of separate 
components as do so-called two part adhesives. Because the compositions of the invention only cure upon 
exposure to actinic or electron beam radiation, the compositions have a virtually unlimited pot life. This also 
permits the compositions to be provided as die-cuttable adhesive films for laminating operations. 

With these properties, the hot melt compositions are particularly well suited for high performance 
laminates such as bonding metal sheets or skins to each other or to structural honeycombs such as might 
be found in airplane interiors, curtain walls, and modular interior partitions. 

Because of the ability to tailor the flexibility of the compositions of the invention by incorporating a 
hydroxyl-containing material therein, the compositions are also useful in certain electronic industry applica- 
tions such as tape automated bonding (TAB) and flexible circuit bonding. The flexibility of the compositions 
of the invention also make them suitable for coating or sealing coated abrasive article backings made of 
natural or synthetic fibers or other materials. 
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The hot melt compositions of the invention also have utility as vibration damping materials for damping 
resonant vibrations of articles to which they are attached. The compositions may be used as either a free 
layer or in conjunction with a relatively stiff metal or polymeric constraining layer. 

The hot melt compositions may also be used as sealants, for example as an automotive body panel 
5 sealer. 

Numerous variations are possible within the scope of the foregoing specification without departing from 
the spirit of the invention which is defined in the accompanying claims. 

Claims 

70 

1. A hot melt composition comprising: 

(a) from about 2 to 95 parts of an epoxy-containing material; 

(b) correspondingly, from about 98 to 5 parts of a polyester component, wherein the sum of (a) + 
(b) equals 100 parts; 

75 (c) an effective amount of a photoinitiator for radiation curing the hot melt composition; and 

(d) an optional hydroxyl-containing material having a hydroxyl functionality of at least 1 ; wherein the 
hot melt composition is a solid at room temperature that can be melted to a liquid upon heating. 

2. A hot melt composition according to claim 1 wherein the polyester component has a viscosity which 
20 exceeds 10,000 mPa at 121 • C. 

3. A hot melt composition according to claim 2 wherein the polyester component has a number average 
molecular weight of about 7500 to 200,000. preferably about 10,000 to 50,000, more preferably about 
15,000 to 30,000. 

25 

4. A hot melt composition according to any one of claims 1 to 3 wherein the polyester component is the 
reaction product of (a) a dicarboxylic acid selected from the group consisting of saturated aliphatic 
dicarboxylic acids containing from 4 to 1 2 carbon atoms (and diester derivatives thereof) and aromatic 
dicarboxylic acids containing from 8 to 15 carbon atoms (and diester derivatives thereof) and (b) a diol 

30 having 2 to 12 carbon atoms. 

5. A hot melt composition according to any one of claims 1 to 4 wherein the hydroxyl-containing material 
is present and has a hydroxyl functionality of at least 2. 

35 6. A hot melt composition according to claim 5 wherein the hydroxyl-containing material is selected from 
the group consisting of polyoxyethylene glycols, polyoxyethylene triols, polyoxypropylene glycols, and 
polyoxypropylene triols. 

7. A hot melt composition according to claim 5 or 6 wherein the ratio of the number of hydroxyl groups to 
40 the number of epoxy groups in the hot melt composition is from 0.4:1 to 0.8:1 . 

8. A hot melt composition according to any one of claims 1 to 7 wherein the hot melt composition 
comprises from 2 to 80 parts of the epoxy-containing material and, correspondingly, from 98 to 20 
parts of the polyester component. 

45 

9. A hot melt composition according to claim 8 wherein the hot melt composition comprises from 2 to 60 
parts of the epoxy-containing material and, correspondingly, from 98 to 40 parts of the polyester 
component. 

50 10. An article comprising a first substrate having a layer of a hot-melt composition according to any 
preceding claim adhesively bonded thereto. 



55 



13 



